Crystallized enzymes are not necessarily pure. The best criterion for the purity of enzymes is the specific activity, together with uniformity shown by ultracentrifugation, electrophoresis and immunoelectrophoresis. Since by these methods, only approximately 0.1 % of impurities are detected and since, for analytical purposes, often less than 0.01 % impurities would interfere, a standardisation "according to use" might be best. That means the enzyme should be free of all foreign enzymes which might interfere with the particular reaction. Activities are expressed as percentage of the specific activity of the enzyme being described. For example, glycerokinase has to be free of hexokinase if it is applied for glycerol estimation in serum. Any hexokinase content would catalyse the reaction of ATP with serum glucose and therefore simulate too much glycerol. In the case of a fourfold coupled test, like the acetate determination, the contaminating activities accumulate; therefore, each enzyme has to be extremely pure.
The great advantage of enzymes as analytical reagents is their specificity. But even non-specific enzymes can be used for analytical work if they are coupled with one specific enzyme. This can be demonstrated in the specific estimation of glucose and fructose. Likewise, the determination of ATP with phosphoglyceraldehyde dehydrogenase, which reacts with all 5'-trinucleotides, can be made specific by means of myokinase.
Non-specificity and impurity of an enzyme is not always easy to distinguish. In the case of acylphosphate:glucose-6-phosphotransferase, the enzyme possesses the non-specificity of reacting also as phosphatase. The ratio of both activities is constant over several purification steps.
For the estimation of the true specific activity, optimal conditions are necessary. When determining them, isoenzymes must be considered, since their optimal conditions vary from each other. In case of a two-substrate reaction, the dependence of each substrate on the other with those of pH-value must be considered.
It is obvious that for these measurements the temperature must be kept exactly constant. Also in coupled reactions, the indicator enzyme must be applied with an activity excess of 50 to 100 fold. This can be demonstrated in the measurement of myokinase activity. The estimation of enzymes in tissues is of interest because the different enzyme patterns obtained are the key to analysis of enzyme activities in serum. Furthermore, the alteration of these activities in the course of disease give an insight into the pathophysiology of an organ. For instance, in acute viral hepatitis, the enzyme activities are altered but gradually return to normal during recovery. However, because the needle biopsy specimen may include several lobules of the liver, the validity of these observations with regard to the alterations in single cells must be questioned. We have found that in the main liver lobes the enzyme pattern is identical, and in the liver lobes of the rat, uniformity of the pattern even in the isoenzymes of glutamic oxalacetic transaminase (GOT) and malate dehydrogenase (MDH), can be shown. Human liver studies confirm this.
Whether needle biopsy specimens are representative of the whole liver, is still at issue because both large lobes can be affected by disease to a different degree. Although changes in acute inflammations are largely uniform, this is not so in chronic liver disease as variable amounts of connective tissue replace the parenchyma.
The enzyme pattern changes could also be due to altered cellular composition. In normal human liver, the ratio of mesenchymal to parenchymal cell volumes is about one to forty. In the rat, it is one to ten, shifting to one to three with inflammation; so up to a 20 % error would be possible in rat liver investigations if mesenchymal cell activity were excluded. However, the same cell pattern has been found in both acute hepatitis and non-inflammatory infiltration so the cellular composition probably plays a small part.
Another objection is the difficulties in establishing a reference base for measured enzyme activities in tissues. The recommended method referring enzyne activites to the number of cells (by DNA assay), is not suitable in inflammatory liver disease because the mesenchymal infiltration ofthe liver increases the number of nuclei. We refer enzyme activities to fresh wet weight and protein content of the liver.
The mode of preparation and extraction of tissues also affect the enzyme pattern, because different yields of the enzymes are obtained with different procedures. We found that extraction by a Waring blender (Ultra-Turrax) followed by ageing before centrifugation, gave the highest activities. The significant role of the extraction medium under similar conditions of mechanical In our material, mainly human livers, we attempted to estimate the enzymes under the most optimal reaction condition, but no doubt improvements are possible.
In spite of these limitations which mean that deviations of 20 % from normal have to be considered critically, the enzyme pattern of the extracting is outlined in Table I , hence we conclude that an ideal method of extraction does not exist, and the best compromise should be sought. liver shows characteristic alterations. This can be seen in acute viral-hepatitis if the enzymes are separated into two groups, (Fig. 1) . The enzymes of the first group have high activities in several tissues whereas the second group are considered to be specificfor liver. It is only the latter group which show a marked decrease in activity in damaged liver.
In the scheme of intermediary metabolism (Fig. 2) , showing alterations of activity in hepatitis, the distinct impairment of the specific enzymes is again apparent, especially when compared with the unchanged activities of the glycolytic enzymes. Mitochondrial enzymes and isoenzymes are diminished, but the activities of glucose-6-phosphate dehydrogenase (G-6-PDH) and 6-phosphogluconate dehydrogenase (6-PGDH) are markedly raised corresponding to the increased flow through the hexose-monophosphate cycle.
Thus, the enzyme pattern in viral-hepatitis shows a diminution in specific capacity, a reduction of mitochondrial metabolism, and a relative increase Ia glycolysis.
Serum enzymes in liver disease
Estimations of serum GOT and GPT are now routine, but the normal values GPT 17 mu.jrnl. (34 Reitman Frankel units/ml.) GOT 20 mu.jml, (40 Reitman Frankel units/rnl.), are based on work by Wroblewski carried out some years ago. Table II shows the normal values obtained by us and two other workers, on carefully selected healthy persons.
The average values + 2 Standard deviations of GOT and GPT do not exceed 12 rnu.jml, (24 Reitman-Frankel units). We have found that physicians are in opposition to these new normal values because they find it difficult to decide whether minimal elevations indicate a transitory involvement of the liver or proper liver disease. However, with these strict limits of normal, the serum transaminase value can be used for the control of chronic liver conditions which in moderately active processes often show levels between 12 and 20 mu.jrnl. If in acute hepatitis we compare serum enzyme activities with those in liver, there is a clear correlation between the extent of their elevation 10J in serum and their intracellular location. This is borne out by GOT and MDH isoenzyme levels. The cytoplasmic isoenzymes are markedly increased, while the mitochondrial isoenzymes are only slightly elevated.
So, a preferential release of cytoplasmic enzymes occurs in certain types of reversible ID cellular injury. Conversely, massive cellular necrosis results in serum enzyme activities which nearly reflect those in the liver, i.e. an increase in mitochondrial glutamic dehydrogenase (GLDH). We consider that advanced cirrhosis is such a necrotic type.
Hence the different enzyme patterns in serum in the various liver diseases reflect distinct types of cellular damage, and in 10 this field we believe, significant advances can be made.
Release of enzymes from the cells
In order to learn more about the release of enzymes from cells we perfused rat livers with a cell-free salt solution containing 25 g. albumin, 5.5mM-glucose, 1.3mM-lactate, and ,O.09mM. pyruvate per litre; pH 7.3; oxygen saturated.
In these hypoxic conditions the enzyme activities in the perfusion medium increased considerably. Three groups were apparent (Fig. 3) . The top group consists of three enzymes with high liver activities while the lower group comprised the hexose-monophosphate-cyc1e enzymes. Glutamic Dehydrogenase (GLDH) gives a late, minimal increase too.
By referring the enzyme activities in the circulation system to their respective activities in liver it was seen that their release rates followed their concentration gradients between liver and extra-cellular space. Exceptions were enolase, phosphoglycerate kinase (low molecular weight) and GLDH (high molecular weight) and thus it was realised that release rates also depended on molecular weight.
Chromatographic studies with the isoenzymes of GOT and MDH indicated that intra-eellular localisation of the enzyme affected the release rate too, mitochondrial enzymes being released more slowly than cytoplasmic ones. Using these three factors, concentration gradient, molecular weight, and intracellular location the enzyme pattern in the extracellular space can be satisfactorily explained.
Of interest, also, is the morphological picture of the perfused liver. After four hours perfusion and a large loss of intracellular enzymes the only apparent abnormality is a congestive dilatation of the sinusoids. Even with the electron microscope no convincing signs of cellular damage can be demonstrated although the livers had lost 30 %of their extractable protein and the enzyme activities in the medium had increased 50 fold since the beginning of the perfusion. Therefore we consider that the release of enzymes from the cells is a sensitive index of cellular injury and that it promises a better understanding of obscure pathophysiological problems. Since enzymes are large molecules, while many of their substrates are small, it seems reasonable to assume that only a small "active centre" is involved in combination with the substrate. Information has been got in a number of cases about amino-acid sequences at or near these sites.
Chymotrypsin can be labelled at the active centre by its stoichiometric reaction with the inhibitor diisopropylphospho-tluoridate (DFP), which condenses with one unique serine residue. By using reagent containing p32 followed by partial acid hydrolysis, radio-active phosphopeptides were obtained which indicated the sequence ... Gly. Asp. Ser. Gly ....
When chymotrypsin hydrolyses an ester or an amide, the acyl residue becomes transiently attached to the hydroxyl group of the reactive serine. A histidine residue is implicated as playing a role in both the acylation and the the subsequent deacylation. Since neither of the two histidine residues in the molecule is near the active serine in the primary structure, proximity in space is presumably achieved by secondary and tertiary chain folding (Bender and Kezdy, 1965) .
Radio-autographic techniques show that trypsin and elastase have the same amino-acids immediately adjacent to the reactive serine as does chymotrypsin. At least two other sequences also exist, however, around serine residues capable of reacting with DFP. (Table I) , (Sanger, 1963) .
Phosphoglucomutase contains a phosphate group which can be labelled by using paa_ labelled glucose l-phosphate as substrate. The phosphate is bound to a serine residue in the sequence .. Thr. Ala. Ser P. His. Asp. . . . (Sanger, 1963) .
To determine sequences around essential cysteine residues in dehydrogenases, Harris (1964) labelled them with iodoacetic acid containing Cu. In the alcohol dehydrogenases from yeast and horse liver, the residues near the essential-SH are different but similar (Table II ). In the case ofglyceraldehyde phosphate dehydrogenases, the reactive cysteines form part of an 18-residue sequence which is identical in enzymes from yeast and from mammalian muscle.
Allosteric effects in regulatory enzymes
Monod, Changeux and Jacob (1963) presented evidence that a number of enzymes have, in addition to the catalytically active centre, a second quite separate site which can specifically bind a metabolite. No reaction of the metabolite is activated, but binding is assumed to bring about a discrete and reversible change in the conformation of the protein, an "allosteric
